A widely used class of quantitative trade models implicitly assumes that patterns of comparative advantage take a specific form such that they have no influence over the effect of trade barriers on aggregate trade flows and welfare. In this paper, I show that this assumption is inconsistent with patterns present in the product-level trade data and develop a framework in which to analyze the role of interactions among countries' patterns of comparative advantage in determining the aggregate effects of trade barriers. The model preserves much of the tractability of standard aggregate quantitative trade models while allowing for the effects of any pattern of comparative advantage, across many products and countries, to be taken into account. After fitting the model to product-level trade data, I find that the composition of trade flows is quantitatively important in determining the welfare gains from trade and the aggregate effects of changes in trade barriers. A key finding is that the welfare gains from trade tend to be larger and more skewed toward low-income countries than an aggregate model would suggest.
Introduction
When seeking quantitative predictions of the effects of barriers to international trade, researchers often turn to models in which trade barriers and their effects can be inferred from data on aggregate bilateral trade flows. Some of these models feature rich micro-level market structures, and all of them have the advantageous feature that the amount of data required to make predictions regarding aggregate variables -such as income, welfare, and trade flows -is quite low. In fact, Arkolakis et al. (2012) have recently shown that, for a large class of such models, the welfare gains from trade are a function of only aggregate trade flows and the elasticity of trade flows with respect to trade costs, regardless of the underlying micro-level structure of the model. 1 However, the restrictions of these models which make them so analytically tractable and conducive to quantitative analysis also implicitly assume either that there is no trade arising from comparative advantage across products or that countries' patterns of comparative advantage take a very special form, both of which imply that the effect of trade barriers on aggregate trade flows is independent of the composition of those trade flows.
In this paper, I relax such restrictions, developing a framework with the flexibility to allow for arbitrary patterns of comparative advantage across products for every country. These patterns can interact in non-trivial ways to influence the effects of trade barriers on aggregate bilateral trade flows and welfare. My model nests the aggregate quantitative trade models that fall into the class described by Arkolakis et al. (2012) and makes clear that only in very particular cases can countries' patterns of comparative advantage be ignored when predicting the effects of trade barriers, even when one is only interested in the effects on aggregate variables. 2 Using data on bilateral trade flows at the product level, I show that product-level trade flow patterns are inconsistent with these cases, that interactions among countries' patterns of comparative advantage are quantitatively important in determining aggregate bilateral trade flows, and that taking these patterns of comparative advantage into account is important for predicting the welfare effects of trade barriers. 3 For example, I find that 25% of the variation in bilateral trade flows arises from interactions among countries' patterns of comparative advantage. I also find that these patterns of comparative advantage account for about two-thirds of the gains from trade relative to autarky and that a model which ignores these patterns predicts only half of the gains from trade for the average country and a much smaller percentage for developing countries.
In Section 2, I outline the basic theoretical framework for this analysis. The point of departure is the model of Alvarez and Lucas (2007) , which is based on the Ricardian trade model of Eaton and Kortum (2002) -henceforth, the EK model -in which international trade occurs due to idiosyncratic 1 These models include the model of monopolistic competition and increasing returns to scale of Krugman (1980) , the Armington model of Anderson and van Wincoop (2003) , the Ricardian trade model of Eaton and Kortum (2002) , and models of heterogeneous firmsá la Melitz (2003) , such as Chaney (2008) .
2 I refer to the models described by Arkolakis et al. (2012) as "aggregate quantitative trade models" because they imply that only aggregate data is required to make quantitative predictions regarding the aggregate effects of trade barriers, regardless of their micro-level structure.
3 In particular, I use data from the UN Comtrade database at 6-digit level of Harmonized System, which consists of over 6,000 products, including more than 4,500 manufactured goods. differences in productivity across product varieties. I assume that the ex-ante expected productivity of varieties in a given country varies across product-categories into which varieties are grouped, in contrast with the EK model, in which every variety is ex-ante identical. This setup allows much of the analytical tractability of the EK model to be maintained, while also allowing for any arbitrary pattern of comparative advantage across products to be incorporated into the model.
The key theoretical result of the paper is that aggregate bilateral trade flows follow an aggregate gravity-type equation that is nearly identical to that of an aggregate quantitative trade model. The only difference is that there is an additional bilateral term which summarizes the strength of the exporter's comparative advantage across products relative to the importer's ability to obtain each product from anywhere in the world. In the global economy, the latter is a function of every country's patterns of relative productivity across products and the barriers to trade between those countries and the importer. Thus, the model provides a succinct way to summarize and quantify the strength of a basic Ricardian force that is absent from a typical aggregate quantitative trade model -i.e., country i will export relatively more to country n if country i is relatively productive for goods that country n cannot purchase cheaply from other sources (including domestic producers in n).
The second important insight from the model is that this bilateral term summarizing the strength of comparative advantage for an exporter in a given market, when the destination market is the domestic market, also serves as a measure of the exporter's welfare gains from trade that arise from comparative advantage across products. This is because, if the products that a country can purchase relatively cheaply from abroad are those for which it is relatively unproductive, then for a given level of international trade flows, this country benefits relatively more from specialization according to comparative advantage.
To understand the relationship between this model and those that belong to the class of aggregate models often used for quantitative analysis, I detail the special cases in which this model reduces to one of these aggregate models. When relative productivity across products is equal for all countries, then there is no across-product comparative advantage, and trade arises solely due to idiosyncratic productivity differences across producers of given varieties. In this case, the model is consistent with the EK model and a version of the heterogeneous-firm model of Chaney (2008) , in which the effects of trade barriers depend only on the level of dispersion in the distribution of idiosyncratic productivity. 4 In the opposite limiting case, in which relative productivity differences are so extreme that each country produces a unique set of products, the model is consistent the homogeneous-firm monopolistic competition model of Krugman (1980) and the Armington model of Anderson and van Wincoop (2003) , in which the effects of trade barriers depend only on the elasticity of substitution across products. In general, however, the model lies between these two extremes, and the effects of trade barriers vary across each country pair, depending on the particular patterns of comparative that exist in the world economy.
In Section 3, because the strength of across-product comparative advantage cannot be inferred from aggregate trade flow data alone, I use product-level trade flow data to assess whether any of the special cases implicitly assumed by aggregate quantitative trade models accurately describes the world. To this end, I develop a bilateral index based on the expression for the elasticity of imports with respect to trade costs. Under the assumptions of an aggregate quantitative trade model, this index is constant across country pairs. However, I show that, in the data, there is a great deal of heterogeneity, with the exports of developing countries typically facing a higher trade cost elasticity than those of developed countries. This suggests that the patterns of across-product comparative advantage that exist in the data can play an important role in determining the effects of trade barriers, especially in their effects on the cross-country income distribution.
In Section 4, I use product-level trade data to estimate trade barriers and infer countries' patterns of productivity across products. Then, I compare the model's predictions with those of a version restricted to be consistent with an EK model, whose predictions depend only on aggregate data. I find that both models perform equally well in matching the cross-country income distribution, while the product-level model does a better job of predicting the cross-country relationship between the price of tradeable goods and real GDP per worker, and the product-level model goes quite far, compared to the aggregate model, in accounting for patterns of product-level trade flows.
Given the model's ability to predict salient features of the aggregate and product-level data, I go on to quantitatively assess the welfare effects of trade barriers using the product-level model and compare these predictions to those of the aggregate model. I do this by comparing the models' predictions of the effects on welfare of moving from the baseline case to complete autarky and of eliminating border-related trade costs. These counterfactual predictions are presented in Section 5. For both scenarios, the gains from falling trade barriers are larger and more skewed toward low-income countries than implied by the aggregate model. In the first case, this is because the strength of comparative advantage is found to be relative strong in the developing countries' domestic markets, which implies that these countries benefit relatively more from specialization across products in the baseline case. In the second case, this is also because the estimates of border costs based on the product-level model are higher on average and relatively higher for developing countries than those based on the aggregate model. This is the case because the product-level model infers from the data that the forces of comparative advantage are generally stronger, especially for developing countries, relative the aggregate model. Thus, higher trade costs are required to match the level of trade flows observed in the data. Such results indicate the importance of accounting for the patterns of comparative advantage that exist in the data when seeking to make quantitative predictions regarding the effects of trade barriers. This paper is primarily related to the very large literature which uses quantitative trade models to determine the effects of trade barriers on aggregate variables, especially aggregate income and welfare, including Eaton and Kortum (2002) ; Anderson and van Wincoop (2003) ; Alvarez and Lucas (2007); and Helpman et al. (2008) and recent papers, such as Waugh (2010) and Fieler (2011) , that resolve discrepancies between more traditional quantitative trade models and the data. 5 Costinot and Rodriguez-Clare (2013) review recent advances in this literature in measuring the welfare gains from international trade relative to autarky. The main contribution of my paper is that it demonstrates how non-trivial patterns of comparative advantage across products can be incorporated into the class of trade models most commonly used to address quantitative questions related to international trade. It does so in a way that maintains, to a large extent, the tractability and parsimony of the standard models while utilizing the wealth of information contained in product-level trade data that is available for most of the world's countries. It also provides a succinct and intuitive way to express the gains from trade due to countries' patterns of comparative advantage across products and to decompose the gains from trade into across-product and within-product components. This is not the first paper to evaluate the effects of trade barriers using disaggregated trade data. Second, it develops and implements a framework which takes advantage of the product-level trade data to fully take into account the role of potentially complex patterns of comparative advantage across thousands of products and more than 150 countries. By contrast, industry-level analyses that allow for heterogeneity across, at the very most, a few dozen industries can only take into account broad structural differences across countries. Thus, they ignore the effects of patterns of comparative across products, within each industry, on aggregate trade flows and welfare.
In Section 6, to evaluate the way in which the predictions based on this framework differ from those of industry-level analyses, I also consider a multi-sector extension to the baseline model in which trade costs are allowed to vary by sector. The basic result is that, for the counterfactual experiments considered in this paper, accounting for across-product comparative advantage has much the same implications in the multi-sector version of the model as in the single-sector version, and if anything the effects are quantitatively larger in the multi-sector specification. Thus, even in models that feature sectoral heterogeneity, it is important to account for product-level patterns of comparative advantage. In addition, because the data requirements associated with quantitatively modelling sectoral heterogeneity can significantly limit the sample size of a study, and because product-level trade data is available for a much wider range of countries, the framework of this paper can be applied to take into account at least one important form of heterogeneity even for sets of countries for which other forms of disaggregated data are unavailable. The analysis of Section 6 also demonstrates how the effects of comparative advantage across products, within sectors, can be incorporated into such multi-sector analyses without requiring any additional restrictions on the modelling framework or restricting the sample of countries and sectors that can be studied. This paper is also related to Arkolakis et al. (2012) in that both papers address important features shared among the literature's workhorse class of quantitative trade models, but the papers make very distinct points. Arkolakis et al. (2012) demonstrate that, in this class of models, the welfare gains from trade depend only on two aggregate variables. This paper demonstrates that welfare in these models depends only on aggregate variables because of particular assumptions that imply no role for patterns of comparative advantage across products in influencing the welfare effects of trade barriers. It then goes on to show that, when the patterns that exist in the data are taken in to account using a more general framework, the role of such patterns is quantitatively important.
Model
The world economy is made up of N countries, indexed by n and i. Each country consists of a continuum of households with mass L i which is each endowed with k i units of capital and one unit of labor, which are supplied inelastically. Each household obtains utility from the consumption of a non-tradeable final good.
Production
The production structure in this model is designed to allow for a straightforward mapping between the model and disaggregated trade flow statistics. For simplicity and comparability with the large set of models considered by Arkolakis et al. (2012) , I consider a model economy with a single tradeable goods sector. A multiple sector extension is considered in Section 6.2. The tradeable goods sector is comprised of a finite number of products, k = 1, ..., K, which is each made up of a continuum of unique varieties, ω ∈ [0, 1]. Thus, a given variety is identified by the pair (k, ω).
Because a product in the model is mapped into a 6-digit Harmonized System product category in the international trade data, I use the terms "product" and "product category" interchangeably.
The non-tradeable final good is produced by a representative firm using capital, labor, and a composite tradeable good according to the following Cobb-Douglas production function:
The composite tradeable good is a CES aggregate of products, given by
where σ > 1 is the elasticity of substitution across products, and each product is a CES aggregate if its component varieties, given by
, where η k > 1 is the elasticity of substitution across varieties of product k. 6
International Trade
Individual varieties can, in principle, be produced in any country and can be shipped anywhere in the world. International shipments, however, are subject to trade barriers, which are assumed to take the convenient "iceberg" form, as in Samuelson (1954) , meaning that delivering 1 unit of a good from i to n requires shipping d ni > 1 units. Note that, as in other one-sector quantitative trade models, bilateral trade costs are constant across products. This assumption greatly simplifies the analytical expressions that follow and allows for comparisons with these models. In the multiplesector extension in Section 6.2, trade costs are allowed to vary across sectors, as in Caliendo and Parro (2012) and Levchenko and Zhang (2013) . 7 Each variety is produced using a Cobb-Douglas combination of capital, labor, and the composite tradeable good. Denoting the efficiency of producers in country i in producing (k, ω) as Z k i (ω), the cost of delivering one unit of the variety from i to n is given by
where w i is the wage in i, r i is the rental rate of capital, and P i is the price of the composite tradeable good. 8 I assume that Z k i (ω) consists of a deterministic component, which reflects the overall state of technology in i for producing all varieties of k, and a stochastic component, which allows for idiosyncratic differences in productivity across varieties. Specifically, I assume that
Assuming that ε k i (ω) is distributed Gumbel (type-I extreme value), as in McFadden (1974) , with shape parameter θ, implies that Z k i (ω) follows a Fréchet distribution, as in an EK model, with a CDF given by
6 The assumption that a continuum of varieties exists for each product, which is admittedly strong, is purely for analytical convenience. With a finite number of varieties, all the results that follow hold in expectation.
7 Since this paper is focused on the aggregate effects of trade barriers, this assumption is innocuous if both (a) the distribution of trade costs across products is not systematically related to countries' patterns of comparative advantage and (b) product-specific components of trade costs, which are relegated to the error term in the estimation, are uncorrelated with the gravity variables used to proxy for bilateral trade costs.
8 The constantα = (α
where T k i = (Z k i ) θ , and θ > 1 is inversely related to the dispersion of efficiency across varieties. 9 The average level of T k i over all products reflects country i's absolute advantage, variation in T k i across products reflects i's deterministic pattern of comparative advantage, and θ governs the degree of comparative advantage across varieties of a each product due to idiosyncratic productivity differences.
Product-Level Trade Flows
Perfect competition implies that the price of variety (k, ω) charged in n by producers from i is equal to c k ni (ω), and buyers in n will purchase the variety from the source that offers the lowest price, so the realized price of the variety in n is
Following the analysis of Eaton and Kortum (2002) , the probability that country i is the low-cost provider of a given variety to n is given by
where
The distribution of the realized price of a variety in n is independent of the source that provides it at the lowest cost, so π k ni is also the share of expenditure by n on varieties of product k that come from i. The parameter Φ k n features heavily in the analysis that follows. It summarizes the state of technology for producing product k in every country in the world from the perspective of an importer in n. It is higher if n has access -through low trade barriers -to sources with high values of T k i and low input costs. Equation (3) also highlights the role of θ in the determination of trade flows. Note that (3) can be rewritten as
Thus, θ governs the importance of the deterministic component of costs in determining the allocation of expenditure by n across potential sources of product k. The larger is the value of θ -i.e. the smaller the degree of dispersion in the distribution of productivity across varieties -the higher the probability that country n buys a given variety of k from the country with the highest deterministic 9 The CDF of the Gumbel distribution is
, where Γ(·) is the gamma function. This constant is included in (2) purely for notational convenience, as it eliminates constants in the expressions for price indexes and relative expenditure across products that would appear otherwise. The only role thatγ k plays is in the mapping between relative productivity across products and relative sales, and it is irrelevant to the analysis of this paper. Note thatγ k is unrelated to the parameter, γ, in the final goods production function.
productivity and lowest production and trade costs. In terms of total trade flows within a product category, θ governs the sensitivity of the share imports by n to these variables. That is, θ serves as the elasticity of substitution in demand for a given product across source countries.
The Allocation of Expenditure
Cost minimization by the final goods producer implies that expenditure on a particular product is given by
where X n ≡ P n Q n is total expenditure on tradeable goods, and the price indexes are given by
Equations (5) - (7) imply that that the share of n's expenditure that is devoted to product k is given by X k n /X n = (Φ k n /Φ n ) (σ−1)/θ . That is, relative expenditure on k depends on the level of the technology index, Φ k n , with an elasticity given by the ratio (σ − 1)/θ. In the same way that θ serves as the elasticity of π k ni with respect to i's deterministic productivity and costs, it also governs the elasticity of P k n with respect to Φ k n , which is an index of these values across the set of potential exporters, as is clear from (4). Thus, a greater value of θ implies a smaller response in the price index of k to a change in technology somewhere in the world, and a larger value of σ implies a greater response in expenditure on k to a given change in the price index, so it is the relative value of the two that determines the responsiveness of expenditure to the state of technology.
Aggregate Trade Flows
Combining equations (3) -(7) yields an expression relating aggregate bilateral trade flows to production costs, trade costs, and states of technology in every country, which is given in the proposition that follows. Proposition 1. Given that productivity is distributed according to (2), production and transport costs are given by (1), and demand for each product in each destination is given by (5), then the aggregate share of total expenditure on tradeable goods by n that originated in i can be expressed as
Equation (8) is nearly an aggregate version of (3) with one key difference: the presence of the bilateral termT ni . The rest of this equation is in common with other EK models, where exports from i to n are greater the greater is T i , which governs the average productivity in i; the lower are production costs in i; and the lower are trade costs between i and n. Thus, Proposition 1 demonstrates that, when average productivity varies across products and countries, aggregate bilateral trade flows cannot be expressed as a function of only aggregate variables. Rather, they depend on the interaction among the patterns of comparative advantage of every country.
To understand how this interaction is embodied inT ni , recall that Φ k n summarizes the state of technology for product k in every potential source country from the perspective of an importer in n. Now, suppose that θ > σ−1, which implies that the allocation of expenditure across source countries within a product category is more responsive to changes in production and trade costs than the allocation of expenditure across products. 10 Then,T ni is greater if T k i tends to be relatively large for products for which Φ k n is relatively small. In other words, if country i is relatively productive for products which are relatively difficult for n to obtain at a low cost, then, all else equal, i will export relatively more to n. The presence of trade barriers implies that Φ k n differs across countries, soT ni is country-pair specific and thus cannot be absorbed into an importer-specific or exporter-specific variable.
The Trade Cost Elasticity
How do countries' patterns of comparative advantage across products shape the effects of trade barriers on aggregate trade flows? To answer this question, first note that the partial elasticity of T ni with respect to the cost of exporting from i to n, holding production costs constant, can be expressed as
Using this result, the partial elasticity of n's relative imports from i with respect to d ni is given by
where X k ni is the value of exports to n from i of k. This expression highlights the role of acrossproduct comparative advantage in ameliorating the effect of trade barriers on aggregate trade flows.
In general, |ε ni | ∈ [σ − 1, θ], and it lies closer to σ − 1 the more i's exports tend to be concentrated in products for which it has a relatively large market share.
When trade costs from i to n increase, all of the varieties that n was importing from i become more expensive. This induces n to reallocate its expenditure both across sources of varieties within each product category and across products. If i has a strong comparative advantage in the products which it exports intensively, then an increase in trade costs results in a small reallocation away from i to other sources for the those products -because other sources are not particularly competitive -and a larger reallocation toward other products. Thus, it is the elasticity of substitution across products, σ, that largely governs the trade cost elasticity. On the other hand, if i's comparative advantage is weak in the products it exports intensively -because its pattern of relative productivity across products is similar to that of other countries from which n imports -then it is θ which largely determines the trade cost elasticity.
Since the second term in (12) results from the presence ofT ni in (8),T ni can be interpreted as a measure of the degree to which the strength of i's comparative advantage across products, compared with the other potential sources of goods for n, reduces the negative effect of d ni on i's exports to n.
Also, note that this elasticity is a function of endogenous variables, which implies that this model does belong to the class of models for which Arkolakis et al. (2012) show that the welfare effects of trade barriers depend only on aggregate trade flows and the trade cost elasticity.
Aggregate Productivity and the Gains from Trade
To see how countries' patterns of comparative advantage affect the welfare gains from trade, first note that welfare in this model is equivalent to real final output (GDP) per worker, Y i /L i . Using (8), along with the optimality conditions of the firms' cost-minimization problems, gives a useful expression for a country's welfare: 11
11 For simplicity, constant terms that are common across countries have been omitted.
As in Waugh (2010) , this expression resembles that for real GDP per worker based on a standard neoclassical growth model in that y i depends on the capital-labor ratio and a term representing total factor productivity.
To understand how TFP is determined, first consider a country in autarky. In this case, π ii
andT ii are equal to one, so aggregate productivity is equal to T 1−γ βθ i . From (9), we can see that,
if θ > σ − 1, holding constant the average value of T k i , T i is maximized if T k i is constant across products. 12 International trade, then, can benefit the economy two ways. First, it gives producers of the composite good access to additional sources for each variety of each intermediate input,
which lowers the cost of obtaining some fraction of these varieties and has a similar effect on TFP as an increase in the average value of T k i . Second, if i's profile of T k i across products differs from the profiles of other countries with which it trades, then the country also benefits because it becomes relatively less costly to obtain varieties of the products for which it has a comparative disadvantage, which has a similar effect on TFP as a reduction in the dispersion of T k i across products. In terms of the arguments of (13), π ii is a weighted average of the fraction of varieties that are produced domestically, so the inverse of this term is a measure of the degree to which producers in i specialize according to comparative advantage. Given π ii , the value of θ determines the gains from trade due to idiosyncratic (within-product) comparative advantage, where a smaller value of θ, i.e. more dispersion in productivity across varieties, implies larger gains from trade. The gains from trade due to deterministic (across-product) comparative advantage are determined byT ii , which measures the degree to which i's technological profile across products differs from that of the rest of the world, summarized by the profile of Φ k i . Given these profiles, the value ofT ii also depends on the value of the ratio (σ − 1)/θ, where a smaller value of σ, which implies that products are less substitutable in production of the composite intermediate good, leads to greater gains from access for foreign-produced goods for which i has a comparative disadvantage. 13 Again, it is the termT ni that summarizes the way in which this model deviates from aggregate quantitative trade models, in which changes in welfare due to changes in trade barriers depend only on changes in π ii and the trade cost elasticity. To further highlight this role ofT ni , I next discuss a few special cases in which this term disappears, implying that this model is consistent with an aggregate quantitative trade model.
Some Special Cases
Before using the model to quantitatively assess the welfare effects of trade barriers, it is useful to more precisely explore the circumstances under which countries' patterns of comparative advantage 12 This is because a greater value of θ implies greater diminishing returns to T k i in decreasing P k n , which can be seen in (6), while a greater value of σ − 1 implies a greater change in Pn associated with a given change in P k n as P k n decreases. So, θ > σ − 1 implies that the economy benefits relatively more from having access to a large set of intermediate inputs than from having access to one very cheaply produced input.
13 The parameters γ and β appear due to the role of intermediates in the production of both intermediate and final goods. Because intermediates are used to produce intermediates, this effect is amplified by to a degree determined by 1/β. And, 1 − γ is the share of the composite intermediate good used in production of the final good.
influence aggregate trade flows and welfare. To this end proposition 2 lists three cases in which aggregate trade flows and welfare depend only on aggregate variables.
Proposition 2. Suppose that any of the following hold:
Then, aggregate trade flows from source i to destination n can be expressed as
the trade cost elasticity ε ni = −ρ, for all n and i; and welfare in a given country, i, is given by
In case 1, ρ = θ; in case 2, ρ = σ − 1; and, in case 3, ρ = θ = σ − 1.
Proofs are provided in Appendix C. In the first case, the model reduces to an EK model.
Because there is no deterministic comparative advantage across products, trade occurs only because of idiosyncratic productivity differences across producers within product categories. This implies thatT ni = 1, and the trade cost elasticity is equal to θ. The second case is the opposite extreme in which each country produces a unique set of products. As result, there is no intra-product trade,
, and trade costs only effect the relative price of one country's products versus another's, so the trade cost elasticity is equal to σ − 1. In this case, the model closely resembles that of Krugman (1980) or an Armington model, such as Anderson and van Wincoop (2003) . In the final case, the parameters align such that expected benefit to an importer of gaining access to a new foreign variety is independent of the product category to which that variety belongs, so it is only aggregate stocks of technology, T i , that matter for aggregate trade flows and welfare, not the distribution of technology parameters across products.
In all of these cases, the model reduces to one that fits within the framework of Arkolakis et al.
(2012), in which trade flows follow an aggregate gravity equation, and the gains from trade depend only on π ii and the trade cost elasticity. This provides a useful way to demonstrate how this model, in general, differs from these aggregate quantitative trade models. As discussed above,T ii is always equal to one in autarky, so the total welfare gain from trade relative to autarky is equal to (T ii /π ii ) (1−γ)/βθ . In case 1, the gains from trade arise only due to idiosyncratic productivity differences, soT ii disappears. In case 2, across-product productivity differences are so extreme that they swamp the effects idiosyncratic productivity differences within product categories. Thus,T ni negates the other terms in (8), replacing θ with σ − 1 as the trade cost elasticity and, as a result, the elasticity of welfare with respect to π ii . And, in case 3 across-product productivity differences make no difference for aggregate outcomes, so, as in case 1,T ii = 1.
In general, however, the value ofT ni matters for the gains from trade, and the term's response to changes in trade barriers influence the responses of aggregate trade flows and welfare. Thus, while the gains from trade can be concisely summarized by (13), because there is no way to measurẽ T ii using aggregate data, we must turn to disaggregated data to measure and predict changes in the gains from trade.
Equilibrium
To close the model, I assume that trade is balanced, i.e. total imports equal total exports for every country. Due to the Cobb-Douglas production functions of final and intermediate goods,
each country devotes a constant share of labor and capital to each activity. This, combined with the balanced trade condition, implies that the set of wages obey the following conditions:
Alvarez and Lucas (2007) show that (15) defines a contraction mapping on {w i }. Thus, these conditions define a unique set of wages for which the world economy is in equilibrium, given labor and capital endowments, trade costs, and the set of product-level technology parameters.
Comparative Advantage in the Data
Proposition 1 makes clear that, in general, the effect of trade barriers on aggregate trade flows and welfare depends on the patterns of comparative advantage of every country in the world.
However, Proposition 2 indicates that there are particular states of the world in which aggregate variables are sufficient to summarize the effects of trade barriers. To determine whether the world is approximately described by one of these cases, I investigate some patterns of the product-level trade data before going on to formally quantify the role of the composition of trade flows in determining the aggregate effects of trade barriers.
I use data from the U.N. Comtrade database, at the 6-digit level of Harmonized Systemthe most disaggregated classification for which bilateral trade data is widely available. The data comprise bilateral trade flows for 132 countries in 4,608 HS-6 product categories. Details are in Appendix B. To assess whether the data is roughly consistent with any of the cases of Proposition 2, I define the following Elasticity Index, based on (11):
where k refers to an HS-6 product category. This index differs somewhat from (11) because of the sorted by whether the source or destination is a high-income OECD country. 14 It is evident that there is a great deal of heterogeneity in the index, both within and across country groups, with OECD exports tending to have a higher EI ni , while OECD imports tend to have a lower EI ni . This indicates that there is variation in the patterns of comparative advantage across countries taking a form that the model predicts is important in determining aggregate trade flows and welfarei.e. the world is not close to either case 1, in which EI ni would be zero for every country pair, or case 2, in which EI ni would be one for every country pair. In addition, the fact that EI ni tends to be asymmetric -higher when the source country is a developed country rather than a developing country -suggests that trade barriers affect the trade flows of developed and developing countries differently, which may have further implications for the cross-country distribution of income.
It is still possible, however, that, as in case 3, non-trivial patterns of comparative advantage exist in the data but have little effect on aggregate trade flows and welfare. For some direct, albeit crude, evidence as to whether this is the case, consider the expression, based on (8), for n's relative imports from i:
This value is a function of source-specific and destination-specific terms, bilateral trade costs, and T ni . If we are in case 3, thenT ni = 1, and only country-specific terms and trade costs affect relative imports. 15 However, in general, bilateral trade flows will also depend on countries' patterns of comparative advantage, which are summarized byT ni . If it were possible to measureT ni in the data, we could use this relationship to evaluate its importance for aggregate trade flows. While this is not the case, because EI ni is based on the expression for ∂ ln(T ni )/∂ ln(d ni ), (11), it can be utilized as part of the following linear approximation ofT ni
ii is the value ofT ni under frictionless trade, using the fact that, at this point,T ni does not vary across destination because prics are equal everywhere.
Given this measure of ln(T ni ), to evaluate it's effect on trade flows, a measure of bilateral trade costs is still required. In keeping with the gravity literature, I use distance as a rough proxy. Thus, I
regress the log of relative imports on a set of source and destination fixed effects, the log of distance, and log distance interacted withẼI ni . If θ > σ − 1, then the coefficient on the last term should be positive, and it should be equal to zero if the world is described by case 3. Table 1 Of course, since the approximation of ln(T ni ) ignores the contributions of trade costs between other pairs of countries, and since non-distance-related bilateral trade barriers are ignored, this relationship could also be influenced by omitted variable bias. However, since there is no ex ante reason to suspect that these variables would be correlated withẼI ni , the relationship evident in Table 1 can be taken as a strong indicator that countries' patterns of comparative advantage across products are important in determining the effect of trade barriers on aggregate trade flows.
Further, while this lends credence to the predictions of the model, it does not rule out that this relationship depends on other factors outside both this model and aggregate quantitative trade models. For instance, if trade costs in the model are allowed to vary by importer, exporter, and product, it is possible to construct any pattern of product-level and aggregate trade flows, which implies that Figure 1 and Table 1 could be replicated exactly even if the world is described by one of the special cases of Proposition 2. To address this issue, in addition to estimating trade costs that vary by sector in Section 6.2, I show in Appendix C that trade barriers that take the form Table 1 , which gives some indication that it would take a very special set of product-specific trade costs to generate these patterns in the data in the absence of non-trivial patterns of comparative advantage. 16
Quantitative Implementation
To fully quantify the degree to which the effects of trade barriers on welfare depend on the composition trade flows, I compare the counterfactual changes in welfare due to changes in trade costs predicted by the baseline model with those of a model restricted to conform with case 1. In the latter case, the model reduces to a one-sector Eaton-Kortum model. Specifically, given the assumptions on production in the tradeable and nontradeable sectors, it reduces to the model of Waugh 
Parameter Values
Countries' endowments of labor and capital are computed directly from Heston et al. (2012) . The capital stocks were computed based on the perpetual inventory method based on PPP-adjusted investment rates.
Elasticities
The elasticity of substitution across products, σ, is important for the quantitative predictions of models which feature monopolistic competition, such as Krugman (1980) , and the gravity models based on them. For Ricardian EK models and models featuring heterogeneous firms, such as Chaney (2008), the value of θ is important. As a result, there have been many attempts to estimate the values of both.
For σ, I rely on the estimation of Broda and Weinstein (2006) , which estimates the elasticity of substitution using the method developed by Feenstra (1994) and disaggregated US import data.
In this model, σ is the elasticity of substitution across HS-6 categories, as opposed to that across varieties within disaggregated categories. As a result, I set σ = 2.2, the median value estimated within 3-digit SITC categories for the period 1990-2001. This also happens to be very close to the value of 2, which, in the model of Ruhl (2004), is consistent with both estimates based on macroeconomic time series and those based on trade liberalization episodes.
To fix the value of θ, I turn to Simonovska and Waugh (2013) , which develops a procedure to consistently estimate θ in the context of an EK model using international price data. However, their estimate requires some adjustment to be applicable to this model. Specifically, note that (8) implies the following relationship:
Simonovska and Waugh (2013) consistently estimate a value ofθ = 4.1, which is equal to θ under the assumption that case 1 of proposition 2 holds. Since we have seen that this is not the case in the data, the final term of the expression above must be subtracted fromθ to obtain the value of θ that is consistent with the model. This is possible after estimating trade costs and recovering the technology parameters, T k i , which is done below. After doing this, I find that a value of θ = 6.0 is consistent with a measured value ofθ = 4.1. In Section 6.1, I explore the implications of using different values of σ and θ.
Production Function Parameters
Labor's share in total value added is determined by α. 
Estimating Trade Costs
Many quantitative trade models take advantage of the gravity-like structure of the model to estimate trade costs as a function of observable variables expected to influence barriers to trade, using bilateral trade data. Following this literature, I parameterize trade costs in the following way:
where dist m ni is the effect of the distance between n and i lying in one of six distance intervals; bord ni is the effect of countries n and i sharing a common border; lang ni is the effect of sharing a common language; col ni is the effect of having a colonial relationship; rta ni is the effect of n and i being part of a regional trade agreement; and d i is an exporter-specific border cost. 18
In the special cases of Proposition 2, aggregate bilateral trade flows follow a standard gravity equation, based on (14), so standard techniques from the gravity literature can be used to estimate the coefficients of (16) using aggregate trade data. In general, however, trade costs cannot be identified from aggregate bilateral trade flows separately from the effect of composition, via theT ni term in (8). Fortunately, though, (3) is consistent with a gravity equation at the product level, which implies that trade costs can be identified from disaggregated trade flows.
Using product-level data to estimate trade costs introduces two complications that are not present in gravity estimations based on aggregate trade flows. First, at the HS-6 level of aggregation, the typical practice of using source and destination fixed effects to control for endogenous countryspecific variables becomes infeasible. Such an estimation, based on (3), would require employing more than one million source-product and destination-product fixed effects, which is well beyond the abilities of a typical computer using standard software and techniques. The second issue is that there is a lack of data on output or expenditure at a level of disaggregation comparable to the trade data for the vast majority of countries. This is problematic because domestic trade is not reported in the trade data and is required to estimate the trade costs associated with international borders, which account for a very large share of trade costs and which Waugh (2010) argues are important for understanding cross-country differences in income.
Product-Level Gravity
To overcome these challenges, I employ the method of French (2014), which uses the structure of the model to avoid the need for fixed effects, as in Anderson and van Wincoop (2003) , and requires only aggregate data on output to recover country-specific border costs. This method relies on the fact that, based on (3), product-level, bilateral trade flows can be expressed as the solution to the following system:
18 I assume that this effect is exporter-specific, rather than importer-specific, following Waugh (2010) , which argues that this specification is more consistent with data on the prices of tradable goods.
n and E k i are product-level imports and exports, respectively, to and from the rest of the world, and Further, because everything in (17) is expressed as a function of imports and exports, rather than output and expenditure, the parameters of the trade cost function can be estimated using only data on international trade.
Note that the value of d i has no effect on X k ni in (17). This is due to the insight of Anderson and van Wincoop (2003) that only relative trade costs matter in determining international trade flows, and since (17) expresses bilateral trade flows conditional on total imports and exportsi.e. conditional on the goods having already crossed an international border -border costs are irrelevant. Thus, d i is not directly identified by the product-level gravity estimation. The procedure for recovering these parameters is discussed below.
I estimate the parameters of (16) (2014) shows that, when aggregate data is used rather than product-level data, this procedure gives identical coefficient estimates as the currently standard fixed-effects Poisson PML estimation procedure. So, the coefficient estimates based on product-level data can be directly compared to the estimates based on aggregate data in the literature. 20
Recovering Technology Parameters and Border Costs
Given estimated values of all the variables of (17), it is possible to recover values for the interaction of technology parameters and production and border costs. However, because (17) depends only on product-level data -in the same way that only the ratio T k i /Φ k n matters for the value of π k ni in (3) -only relative values of left-hand of these variables across countries are identified. Thus, I
define T k i ≡ T kT k i and impose that iT k i = 1. Then, I recover the interaction of technology and cost variables from the the following identity:
19 The termΦ k n is the analogue of Φ k n calculated over all countries except n. Thus, Φ
n . 20 French (2014) also shows that, while the coefficient from product-level estimations based on this technique vary little across the choice of objective function, estimates based on aggregate data vary much more widely. However, the aggregate and product-level estimates based on the Poisson likelihood function are remarkably similar, indicating that this estimator is more robust to misspecification than alternative ones, which lends further support for its wide use in all types of gravity estimations. i , the values of π k nn can be calculated according to (3). In addition, given the values of σ and θ and data on total manufacturing expenditure X n , product-level expenditure can be calculated according to (5). Using these results, I take the set of values of T k to be those for which the model's implied world trade flows for each product match the data, i.e.
and I take border costs, d i , to be the values for which the model's predicted domestic trade shares match the data, i.e.
Because domestic trade shares depend on the set of T k 's, and world trade in each product depends on the set of d i 's, they must be solved for jointly.
Finally, to recover the values of T k i , it is necessary to remove domestic production costs from
i . To do this, I use data on aggregate bilateral trade flows and the model's equilibrium conditions (15) to solve for wages, i.e.
Given wages and using price levels computed according to (7) and capital-labor ratios from the data, domestic costs are given by
, which uses the fact that, due to the Cobb-Douglas production functions for final output and intermediate varieties, in equilibrium, Table 2 reports the estimates of the coefficients of (16) based both on aggregate trade flow data data, consistent with the the restricted model, and on product-level data, consistent with the unrestricted model. As noted above, the estimation based on aggregate data is identical to a Poisson PML estimation using source and destination fixed effects to proxy for endogenous variables. As is well known in the gravity literature, the elasticity of trade costs with respect to the independent variables is not separately identified from the value of θ. Because the restricted model implies a different value of θ, and thus a different mapping between the coefficient estimates and the associated effects on trade costs, than the unrestricted model, the percentage effect of each variable on trade costs is 21 The constantβ = (αβ) −β (1 − β) β−1 . also reported. Notes: Standard errors, clustered by source country, are in parentheses. Coefficients reported are multiplied by −θ, as the effects of the independent variable of interest and the trade elasticity are not separately identified by the gravity estimation. The implied percentage effect of each coefficient on the ad valorem tariff equivalent trade cost is 100 × (e -coeff /θ − 1), where coeff is the reported coefficient.
Estimation Results
As is discussed in more detail in French (2014) Figure 3 reports the predicted values of final output per worker in the both the aggregate and product-level models against real GDP per worker in the data. Clearly both models do quite well at matching the cross-country distribution of income. This is not surprising, as Waugh (2010) has shown models that feature exporter-specific border costs perform quite well in this regard.
Quantitative Implications

Income Per Worker
However, it is reassuring that the predictions of the product-level model do not deviate far from those of the aggregate model in an area where the aggregate model is known to perform well, and it lends credence to the counterfactual experiments that follow, which focus on the effects of trade barriers on relative income levels across countries.
Both models slightly under-predict the dispersion of income across countries. The variance of log GDP per worker in the data is 1.53, and the ratio of the 90th to the 10th percentile is 31.3.
The aggregate model predicts values of 1.30 and 23.3, respectively, while the product-level model predicts respective values of 1.24 and 22.3. I find it reasonable that both under-predict the level of dispersion as the model makes the simplifying assumption that productivity in the non-tradeable sector is constant across countries.
Tradeable Goods Prices
The aggregate model predicts an elasticity of the tradeable goods price, P n , with respect to income -measured as the coefficient estimated by regressing the log of P n on the log of the country's level of real GDP per worker -of -0.058, which is highly statistically significantly different from zero. The product-level model predicts an elasticity of 0.007, which is not significantly different from zero. Waugh (2010) reports an elasticity 0.15 estimated from benchmark price data from the Penn World Tables. Thus, the product-level model performs relatively well in predicting the relationship between tradeable goods prices and levels of income across countries.
The Elasticity Index and Bilateral Trade Flows
To test the ability of the product-level model to accurately predict relevant moments of the productlevel trade data, I replicate the calculations behind Figure 1 and Table 1 using the values of product-level trade flows predicted by the model. Figure 4 depicts histograms of EI ni , calculated using predicted product-level trade flows, and Table 3 presents the coefficient estimates of the regression of predicted relative imports on source and destination fixed effects, log distance, and log distance interacted with the predicted values ofẼI ni . Overall, the product-level model does rather well in replicating these patterns. As in the data, the elasticity index tends to be smaller when the source is a non-OECD country, though the predicted values tend to be smaller than those in the data for all sets of countries. Table 3 shows that the model almost exactly matches the measured effect of comparative advantage, proxied bỹ EI ni , on the relationship between trade barriers and aggregate trade flows. 22 Keeping in mind that the aggregate model predicts no variation in EI ni and thus zero correlation between EI ni and aggregate trade flows, this indicates that the product-level model, despite maintaining most of 22 Because the relationship between distance and trade flows predicted by the model is a function of the Poisson PML gravity estimation, the under-prediction of the coefficient on log distance is consistent with the fact that, as is discussed in French (2014), Poisson PML tends to estimate a smaller coefficient on distance than does log-linear OLS. 
The Importance of Composition
In addition to the relationship depicted in Table 3 , because the product-level model predicts values ofT ni , it provides a more direct way to measure the importance of countries' patterns of comparative advantage in determining aggregate trade flows. One way of doing this is to quantify the degree to which the variance inT ni is important in predicting these flows.
The log-linear form of (8) provides a particularly straightforward way to measure the importance ofT ni in explaining the cross-sectional variation in bilateral trade flows: Because this is an identity, regressing the left-hand side of this expression on all the right-hand side variables yields an R 2 of one. Performing the same regression but omitting the final term yields an R 2 of 0.75, indicating that 25 percent of the variation in predicted aggregate bilateral trade flows is due to the variation inT ni , which is to say that it is due to the interaction among countries' patterns of comparative advantage across products.
The Gains from Trade
As is discussed above, in the restricted model, the gains from trade relative to autarky are given by
, while in the product-level model they also depend on patterns of across-product comparative advantage, embodied inT ii . Thus, before conducting any formal counterfactual experiments, it is possible compare the predictions of these two models on this front. Figure 5 depicts the predicted gains from trade relative to autarky for each model. Table 4, described below, also depicts the average change in log income and the change in the dispersion of income across countries. Because both models match the data on aggregate domestic trade shares, this component of the predicted gains from trade is identical. The predictions differ for two reasons.
First, the aggregate model assumes no across-product comparative advantage, i.e.T ii = 1, so it will automatically predict lower gains from trade arising from such. Second, however, because the value of θ needed for the product-level model to predict the value ofθ estimated by Simonovska and Waugh (2013) is larger than that for the aggregate model, the product-level model will predict lower gains from trade due to idiosyncratic productivity differences within product categories.
As is clear in Figure 5 , the gains from trade predicted by the product-level model are generally larger and are more skewed in favor of low-income countries. 23 This indicates that, in general, the gains from trade due to comparative advantage across products is much greater than the overprediction of the gains from trade due to comparative advantage within product categories by the restricted model.
Using the results of the product-level model, the log-linear form of (13) allows for a simple decomposition of the gains from trade into across-product and within-product components, i.e. ln(y i /y
where the first term represents the within-product component of the gains from trade, and the second term represents the across-product component. The average value of the first term across countries is 0.16, and the average value of the second term is 0.30, which implies that roughly two-thirds of the gains from trade are due to comparative advantage across products. However, as Figure 5 suggests, this result is largely driven by low-income countries. If we look only at highincome OECD countries, only 38% of the gains from trade are due to across-product comparative advantage, which explains why the discrepancy between the models' predictions is larger for lowincome countries.
To better understand what drives this result, consider the effect of a uniform worldwide change in trade costs onT ii . Formally, denoting trade costs as d ni ≡d nid , for n = i, the partial elasticity ofT ii with respect tod can be expressed as
This implies that, compared to autarky, as trade costs fall,T ii increases faster for countries whose domestic market share is relatively high for the products which make up a relatively large share of domestic trade. Put another way, countries whose domestic trade flows are concentrated in relatively few products are predicted to find autarky more costly. It turns out that this tends to be the case for low-income countries.
This result may seem surprising given the previous finding that EI ni tends to be smaller for lowincome exporters, which requires that their market shares tend to be small for the products that they export intensively. The reason these two results hold simultaneously is that low-income countries tend to have similar profiles of T k i and, as a result, tend to specialize in a similar set of products. On the other hand, high-income countries tend to have profiles are relatively unique, especially when compared with low-income countries, but also relative to other high-income countries. Thus, lowincome countries' exports tend to be highly responsive to trade barriers, since they are competing closely with other low-income countries for market share. On the other hand, as the only country that does not face trade barriers in the domestic market, they face little competition from other low-income countries in their comparative advantage products, while they benefit from access to their comparative disadvantage products, which tend to be imported from high-income countries.
Counterfactual Predictions
In addition to comparing the gains from trade relative to autarky predicted by each model, since both models are fully parameterized, it is possible to consider the effects of other counterfactual Table 4 depicts the predicted changes in welfare in both models for each counterfactual experiment. For each scenario, the table reports the average change in log income per worker across all countries relative to the baseline case as well as two measures of the dispersion of income across countries, the variance of log income per worker and the ratio of the 90th to the 10th percentile. Table 5 decomposes changes in welfare into a component determined by within-product comparative advantage and one determined by across-product comparative advantage. The average change in log income per worker is decomposed into the separate effects of changes in π ii andT ii , as in the previous section. I decompose changes in the variance of log income per worker using the following identity derived from (13):
Thus, the first expression in brackets represents the change in the variance of log income related to within-product comparative advantage, and the second expression presents the change related to across-product comparative advantage.
The basic finding of all of these experiments is that the welfare gains from trade tend to be larger and more skewed toward low-income countries in the product-level model. Consistent with the discussion in the previous section, the cost of moving to autarky is nearly twice as large, on average, in the product-level model, and the effect on the dispersion of income is much larger. The variance of log income increases by 46% in the product-level model, compared with only 8% in aggregate model, which is similar to Waugh (2010) , in which moving to autarky has a very small effect on the dispersion of income.
The gains from removing asymmetric trade barriers follow a similar pattern to the gains from moving from autarky to the baseline case. The average change in log income is significantly higher in the product-level model, and the variance of log income falls by 40% in the product-level model compared with only 29% in the aggregate model. However, in this scenario, the intuition behind the result is slightly different. Because border costs tend to be higher for low-income countries, these countries tend to benefit relatively more from the elimination of these barriers. The major reason that low-income countries gain relatively more from the elimination of border costs in the productlevel model is that the estimates of these costs based on the product-level model are generally greater for these countries.
A similar line of reasoning is behind the differences between the model's predictions of the gains from eliminating all trade barriers. Because the product-level model estimates generally lower symmetric trade barriers, the additional gains from removing these barriers, above the gains from removing border costs, is predicted to be lower, and the additional gain to low-income countries is also relatively lower. While the two models predict nearly identical average gains from moving to frictionless trade from the baseline, there is no fundamental reason why this must be the case.
However, Table 5 provides some insight into why the gains from trade predicted by the productlevel model taper off, relative the predictions of the aggregate model, as the world moves from autarky to free trade. When the world is close to autarky, the gains from trade due to acrossproduct comparative advantage, which are missing from the aggregate model, dominate, but as the trade barriers continue to fall, the gains due to within-product comparative advantage become more important. Since the latter gains are lower in the product-level model, due to the higher value of θ, the product-level model predicts smaller gains from reducing trade barriers when the world is close to free trade.
Put another way, because the product-level model takes into account the gains from trade due to across-product comparative, which is precluded by the aggregate model, and because these gains are relatively large when the world is closer to autarky, the product-level model predicts that, in terms of the possible gains from trade, the current state of the world is much farther from autarky, and the elimination of asymmetric trade barriers would move the world much closer to free trade, than the aggregate model would suggest. 24
Finally, it is worth noting that the summary statistics reported in Tables 4 and 5 , mask a great deal of heterogeneity in the predictions of the two models for individual countries. For example, though the overall effects of moving from the baseline to free trade are fairly similar, the average absolute difference between the change in log income predicted by the two models is 0.15. In particular, the product-level model predicts much larger gains for many African countries and much smaller gains for many former Soviet Republics. For example, for the eastern African countries of Eritrea, Ethiopia, and Sudan, the average difference between the product-level and aggregate models' predicted changes in log income is 0.69, while for the Baltic states of Estonia, Latvia, and Lithuania, the average difference is -0.21. This indicates that the former group have much stronger patterns of across-product comparative advantage, which may reflect their colonial history, compared to the latter group, whose economic structure was influenced by central planning and a period of relative isolation from potential trading partners in Western Europe.
Robustness
Computing the baseline counterfactual results required making several choices of parameter values and relied on the assumption of a single tradeable goods sector. In this section, I evaluate the restrictiveness of those choices, first conducting the counterfactual experiments using alternative parameter values and then doing so using a multi-sector extension to the baseline model.
Alternative Elasticity Values
I consider three alternative sets of values of the elasticities θ and σ. First, to evaluate the effect of having different values of θ in the aggregate and product-level models, I set θ = 4.1 in the product-level model to match the value used in the the aggregate model. Second, I set the θ = 8.3, the value estimated by Eaton and Kortum (2002) which has been used in many subsequent papers.
Finally, to measure the sensitivity of the model to the value of σ, I set σ = 3.3, the median value estimated by Broda and Weinstein (2006) for the elasticity of substitution across products within 10-digit U.S. HTS product categories. Table 6 reports the same measures of income as Table 4 for each scenario. For the sake of comparision, the first row associated with each measure reports the results based on the baseline set of parameters. The most striking result is that the value of θ does not matter much for the 24 I am thankful to a referee for pointing out this interpretation of the results. welfare effects of going from the baseline to autarky and removing asymmetric trade barriers. In the case of autarky, this is because an increase in the θ decreases the gains from trade due to within-product comparative advantage but increases the gains due to across-product comparative advantage. In the case of removing asymmetric trade barriers, the result also depends on the fact that, when θ is larger, a greater value of θ ln(d i ) is required for the model to match domestic trade shares, especially for low-income countries, for whom domestic trade shares are less responsive to trade costs. It turns out that in both cases, the offsetting effects of θ nearly cancel out.
Where θ does appear to be relatively important is in regard to the welfare gains of moving to frictionless trade. This is not surprising given the result that, in moving from a world with only symmetric trade barriers to one of free trade, the gains from trade are primarily due to withinproduct comparative advantage, which is governed by θ. Further, the result that low-income countries benefit relatively more from across-product comparative advantage is consistent with the observation that the dispersion of income is less affected by θ in the move to free trade trade than is the average increase in income.
Finally, keeping in mind that when θ = σ − 1, the aggregate and product-level models are equivalent, increasing σ has the expected effect of shifting all of the predictions of the product-level model closer to those of the aggregate model.
Multiple Sectors
In this section, I extend the model to allow for multiple manufacturing sectors, or "industries", in similar fashion to the models of Caliendo and Parro (2012) and Levchenko and Zhang (2013) . The extension is analytically straightforward, though the expressions are slightly more complex. The major drawback of this framework is that the data requirements are much greater. In particular, identifying border costs that vary by sector requires data on sector-level manufacturing output.
I use data on 18 manufacturing sectors, which are roughly equivalent to 2-digit ISIC industies.
Availability of this data decreases the sample size from 132 to 60 countries (details are in Appendix B), with the poorest countries among those that must be excluded. Thus, the major tradeoff in allowing for cross-sector heterogeneity in trade costs is that the ability of this framework to address issues related to the cross-country income distribution is somewhat limited.
There are j = 1, .., J manufacturing sectors, each of which is comprised of k = 1, ..., K j products.
The structure of the model is otherwise the same. Now, a given variety is identified by the triple (j, k, ω), and the product category to which it belongs is defined by the pair (j, k). In this setup, the composite tradeable good is a Cobb-Douglas aggregate of sectoral composite goods given by
where δ j > 0 is the share of sector j in total tradeable expenditure, and j δ j = 1. The aggregation of varieties into products and products into sectoral composite goods mirror their counterparts from the single-sector version of the model. 
Then, as in the single-sector version of the model, aggregate bilateral trade flows are given by (8),
except that, now,
The interpretation of T i -the determinant of aggregate productivity in autarky -remains the same, as does the sector-level version ofT ni , denotedT j ni . The key difference is that relative trade costs across sectors now interact with the forces of across-product comparative advantage to influence trade flows. That is, if trade costs from i to n are relatively low in the sectors for which the covariance between T jk i and Φ jk n is also relatively low, then i will export relatively more to n. Because the expression for π ni in the multi-sector version of the model is identical to that for the single-sector version, so is the expression for welfare (13). Thus, the basic intuition for the welfare effects of trade barriers is preserved, with the only major difference being that, through T ii , as with aggregate trade flows, the welfare gains from trade, conditional on the domestic import share, are now affected by relative trade costs across sectors. Because labor is mobile across all sectors, equilibrium is defined by the same set of conditions as the single-sector model (15).
Parameter Values
I use the same set of common parameter values as with the single-sector version of the model to quantify the multi-sector version. Trade costs are also estimated and technology parameters recovered in the same way, except that the estimations are performed sector-by-sector and employ data on sector-level manufacturing output. As above, I fit both aggregate and product-level versions of the multi-sector model to the data, where the aggregate multi-sector model again assumes that the world economy is characterized by case 1 of Proposition 2, so only data on total sector-level trade flows are required to estimate the model's parameters. Notes: Standard errors, clustered by source country, are in parentheses. Coefficients reported are multiplied by −θ, as the effects of the independent variable of interest and the trade elasticity are not separately identified by the gravity estimation. Coefficients reported for the multi-sector estimations are sector-share-weighted average values, i.e. coeff = j δ j coeff j . Table 7 reports the sector-weighted average coefficient estimates for the multi-sector estimations along with those from single-sector estimations, comparable to those reported in Table 2 , based on the sample of countries for which sectoral-level manufacturing output data is available, for the sake of comparison. Because the reported coefficients for the multi-sector estimations are averages across separate estimations, standard errors are not reported. The sector-specific coefficient estimates and standard errors are reported in Table A3 . The average multi-sector estimates are generally in line with their single-sector counterparts. For the aggregate estimations, the average multisector coefficient estimates tend to be larger in absolute value than their single-sector counterparts,
indicating that the implied trade costs are somewhat larger. A similar pattern holds for the productlevel case, except that the differences tend to be smaller, and the border cost estimates are smaller in absolute value, indicating that the implied overall trade costs are much more similar in the product-level estimation.
Counterfactual Experiments
I consider the same set of counterfactual experiments as above using the multi-sector version of the model. Table 8 presents the results for both the aggregate and product-level versions of the multi-sector model as well as both versions of the single-sector model with the sample restricted to the set of countries for which sectoral-level manufacturing output data is available.
By and large, the differences in the predictions of the product-level model relative to the aggregate model are very similar in the multi-sector and single-sector versions of the models. Namely, the gains from trade relative to autarky and the gains from removing border costs are larger and more skewed toward low-income countries in the product-level model. Further, it is only in regard to the gains from trade relative to autarky in which the predictions of the multi-sector, aggregate model differ substantially from the single-sector aggregate model. This suggests that, in general, to measure the effects of composition on aggregate trade flows and welfare, they must be accounted for at a level of disaggregation much lower than the industry level.
While the effect of trade barriers on aggregate trade flows and welfare appears to depend much more on countries' patterns of across-product comparative advantage than on differences in trade costs or average productivity across industries, accounting for the latter does lead to different predictions of the product-level model in some cases. The fact that low-income countries benefit relatively more from trade relative to autarky in the multi-sector, product-level model indicates that trade barriers tend to be lower in the sectors in which these countries have relatively strong comparative advantage versus high-income countries, such as the textiles industry. The other notable difference is that the average change in income from eliminating asymmetric trade barriers is larger in the multi-sector, product-level model, though the predicted effect on the dispersion of income is nearly identical to the single-sector, product-level model. This result is largely driven by the food, beverage, and tobacco industry, in which the gains due to across-product comparative advantage are relatively large and uncorrelated with development and for which trade barriers are estimated to be particularly high.
Taken together, the overall pattern that emerges from these counterfactual experiments is that, once across-product comparative advantage has been taken into account, allowing for heterogeneity in trade costs and average productivity across industries either makes little difference for the effects of trade barriers on welfare or amplifies the differences between the predictions of the productlevel and aggregate single-sector models. Thus, given that product-level trade data is available for a much larger set of countries than industry-level output data, one could conclude that studies interested in the welfare effects of changes in bilateral trade barriers should consider the effect of countries' patterns of across-product comparative advantage, even when data requirements preclude the consideration of other forms of sectoral heterogeneity, such as variation in border costs.
A final point of concern for some may be the assumption that θ is constant across sectors. While some papers, such as Caliendo and Parro (2012), have attempted to estimate θ at the sectoral level, due to data requirements, such estimates are likely to be less reliable than aggregate estimates such as that of Simonovska and Waugh (2013) . 25 More importantly, the robustness exercises reported in Table 6 indicate that the welfare effects of border-type trade barriers are not particularly sensitive to the value of θ. This implies that sectoral variation in θ would also be relatively unimportant in measuring the welfare effects of changes in such barriers. In the case of geographic barriers, where a higher value of θ led to somewhat smaller gains from the removal of geographic barriers to trade, then sectoral variation in θ could lead to an under-prediction of the welfare gains from lowering such barriers if θ tended to be lower for sectors in which these barriers tend to be high.
Conclusion
This paper has developed a framework in which to quantitatively assess the role of the composition of trade flows in determining the aggregate welfare effects of trade barriers. One advantage of this framework is that it maintains the tractability, relatively low data requirements, and parsimony in expressing the gains from trade of many aggregate quantitative trade models while also allowing the effects of the interactions among countries' patterns of comparative advantage across products to be taken into account. The framework nests models that belong to the class delineated by Arkolakis et al. (2012) , in which the gains from trade are a function of only aggregate trade flows and the trade cost elasticity, and makes clear that, more generally, the gains from trade also depend on a third term which succinctly summarizes the effect of across-product comparative advantage.
Quantifying this effect requires using data on product-level trade flows, which are now reported by nearly every country for which aggregate trade flow data are available, but it imposes no further data requirements except where other simplifying restrictions of this class of aggregate trade models are relaxed. Thus, the insights and methods of this paper can be applied in a wide range of contexts in which the effects of trade barriers were inferred from aggregated trade flows, including industrylevel studies.
Applying these methods to questions of the aggregate gains from trade compared to autarky and the gains from removing asymmetric trade barriers, this paper has shown that, compared with 
B.2 Gravity Variables
The bilateral relationship variables used to estimate trade costs are from the Gravity dataset available from CEPII (see Mayer and Zignago, 2011) . The variables used in the estimation are population-weighted distance (distw ), whether countries share a border (contig), whether they share a common official language (comlang off ), whether they have ever had a colonial link (colony), and whether they are currently members of a common regional trade agreement (rta).
B.3 GDP, Labor Force, and Capital Stock Statistics
Data on real GDP, the size of the labor force, and real capital stocks are derived from version 7.1 of the Penn World Tables (Heston et al ., 2012) . The measure of real GDP used is total PPP-converted 
B.4 Value Added Shares
Sectoral value added as a share of total value added and value added as a share of gross output in the manufacturing and non-tradeable sectors is calculated from data obtained from the STAN database available from the OECD for 2003. Manufacturing is defined as ISIC (Rev. 3) industries 15-37, and non-tradables is defined as industries 40-99, which includes electricity, gas, and water supply; construction; wholesale and retail trade; and services.
B.5 Manufacturing Output
Data on gross manufacturing output is is obtained from three sources. Where it is available, the data is taken from the OECD STAN database. For countries not in this database, data is obtained Where no data is available from either of these sources, gross manufacturing output is imputed from total manufacturing value added obtained from the World Development Indicators database of the World Bank. Manufacturing value added is scaled up by a factor of 3.04 based on a cross-sectional regression of gross output on value added with no constant term, which has an R 2 of 0.99.
Industry-level data on gross manufacturing is also obtained from the STAN database, where available, and the INDSTAT4 database, otherwise. Both sources report data using the ISIC Revision 3 system. STAN reports data at the 2-digit industry level, and INDSTAT4 at the 4-digit level. However, in the INDSTAT database, many countries report data using combinations of categories, and many appear to report data for related industries using either one or the other industry code but not both. In addition different countries report data only in more aggregated categories.
Because of such issues, the data was aggregated to the 2-digit level, and several 2-digit industries were combined. Table A1 lists the industries that are used, their definitions, the number of 6-digit HS-1996 codes within each industry, and the industry's share in total world manufacturing expenditure. As with the aggregate data, industry-level output data was interpolated for observations for which data was not available for 2003 but was available for years before and after 2003.
B.6 Constructing the Sample
To estimate trade costs, recover technology parameters, and compute the model equilibrium, data on product-level trade flows, total manufacturing output, the size of its labor force and the size of its capital stock are required for each country. Thus, the required data must be available for a country from the Comtrade database, at least one of the STAN, INDSTAT, or WDI databases, and the Penn World Tables for a country to be included in the sample.
Beginning with the 155 countries that make up the sample of product-level trade data, lack of manufacturing output data reduces the sample size to 144 countries. Lack of data from the Penn World Tables further reduces the sample size to 141 countries. To avoid problems related to entrepot trade, China, Hong Kong, and Macao are merged into a single country. There were also several other cases in which there were apparent problems of entrepot trade -i.e. reported exports exceeded reported gross output -which resulted in 7 countries being dropped from the sample. 28 These two steps together reduced the sample to 132 countries. Once the trade and manufacturing data were merged, domestic absorbtion of domestic manufacturing output, X ii , was then calculated as total manufacturing output minus total manufacturing exports to all countries (including non-reporters), and total manufacturing absorbtion, X i , was calculated as X ii plus total imports from countries in the sample, yielding an internally consistent bilateral trade flow matrix.
In constructing the sample of industry-level output and trade flows, great care was taken to ensure the quality and consistency of the data, which included inspecting the data line-by-line for many countries in the sample. Countries with significant discrepancies, for instance between the sum of industry-level output and reported total output, were excluded from the sample. Even after excluding these countries, for about 12% of observations, reported exports exceeded reported gross output. For these observations, output was imputed based on the value of exports and the country's overall ratio of exports to output for the entire manufacturing sector. When this resulted in an imputed measure of industry-level output that exceeded the reported value by more than 30%, the country was removed from the sample. This resulted in a final sample of 60 countries, 18 manufacturing industries, and 2,360,978 observed product-level bilateral trade flows. The set of countries that make up the aggregate and industry-level samples, along with the source of output data, is reported in Table A2 .
C Mathematical Appendix C.1 Proof of Proposition 2 C.1.1 Case 1
Given that T k i = T i T k , equation (9) implies that k (T k )
σ−1 θ = 1, which is without loss of generality because the general equilibrium admits one normalization over the set of values of T k i . This implies across products. In case 1, it is straightforward to show that
which implies that EI ni = 0, for all n and i. In case 2, π k ni ∈ {0, 1}, regardless of the value of d k n , which implies that EI ni = 1, for all n and i.
In case 3, arbitrary patterns of comparative advantage may exist, but they do not affect aggregate trade flows. Thus, EI ni can potentially take on any value between zero and one, but, in the baseline setup, the coefficient on ln(dist ni ) ×ẼI ni reported in Table 1 should be equal to zero. So, what remains to be shown is that this form of variation in trade costs cannot cause variation in aggregate trade flows such that a positive coefficient would be estimated even though θ = σ − 1.
To see this, first note that, given this form of trade costs, aggregate trade flows continue to follow (8), except thatT
which implies that any variation in π ni /π nn associated with patterns of comparative advantage is orthogonal to bilateral trade costs. So, once country-specific factors and distance are controlled for in the regression reported in Table 1 , the estimated coefficient on ln(dist ni ) ×ẼI ni should be zero.
